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The present invention relates to a DNA fragment derived from Rhodococcus rhodocfirous J-i and 
encoding a polypeptide having nitrile hydratase activity which hydrates nitrites to amides. The invention also 
relates to a recombinant DNA containing the above DNA fragment, and a transformant transformed with the 
recombinant DNA. The present Invention further relates to a method of producing nitrile hydratase using the 
5 transformant and of amides using nitrile hydratase. / 

Nitrile hydratase or nitriiase is known as an enzyme that hydrates nitriles to amides. Microorganisms 
that produce nitrile hydratase include those belonging to the genus Bacillus, the genus Bacteridium, the 
genus Micrococcus and the genus Brevibacterlum (See, JP-B-62-21 51 7/1 989, USP No. 4,001.081). the 
genus Corynebacterium and the genus Nocardia (See, JP-B-56-17918/1981, USP No. 4.248.968). the genus 
10 Pseudomonas (See, "JP-B-59-37951/1984. USP No. 4.637,982). the genus Rhodococcus, the genus Arth- 
robacter and the genus Microbacterium (See, JP-A-61 -1621 93/1 986, EP-A-0188316), and Rhodococcus 
rhodochrous (See. JP-A-2-470/1990. EP-A-0307926). 

Nitrile hydratase has been used to hydrate nitriles to amides. In the invention, microorganisms are 
engineered to contain multiple copies of a recombinant DNA encoding nitrile hydratase according to a 
75 recombinant DNA technology. The recombinant produces a remarkably high level of nitrile hydratase 
compared with conventionally used microorganisms. 

The present inventors previously disclosed a DNA fragment derived from Rhodococcus sp. N-774 
(PERM BP-1936) which also encodes a polypeptide having nitrile hydratase activity (JP-A-2-1 1 9778/1988). 

In contrast, the present inventors utilizes a DNA fragment derived from Rhodococcus rhodochrous J-I 
20 for the production of nitrile hydratase. We isolated the gene encoding nitrile hydratase, inserted the gene 
into a suitable plasmid vector and transformed an appropriate host with the recombinant plasmid, thus 
successfully obtained the transformant producing nitrile hydratase which has high activity also on aromatic 
nitriles. 

The present invention relates to 
25 (1) a DNA^"^ fragment encoding a polypeptide having nitrile hydratase activity, said polypeptide 
comprising the a^"^-subunit as defined in the Sequence Listing by SEQ ID: No. 1 and the )3^"^-subunit as 
defined in the Sequence Listing by SEQ ID: No. 2; 

(2) a DNA^*-^ fragment encoding a polypeptide having nitrile hydratase activity, said polypeptide compris- 
ing the a^^-^-subunit as defined in the Sequence Listing by SEQ ID: No. 3 and the /S^'-^-subunit as defined 

30 in the Sequence Listing by SEQ ID: No. 4; 

(3) the DNA^"^ fragment of (1) which contains a nucleotide sequence encoding said a^"^- and 0^^^- 
subunits. comprising the DNA sequence of the a^^^subunit as defined in the Sequence Listing by SEQ 
ID: No. 5 and the DNA sequence of the i8^"*-subunit as defined in the Sequence Listing by SEQ ID: No. 
6; 

35 (4) the DNA^^^ fragment of (2) which contains a nucleotide sequence encoding said a^*-^- and /S'^^-subunits, 
comprising the DNA sequence of the a^'-^-subunit as defined in the Sequence Listing by SEQ ID: No. 7 
and the DNA sequence of the jS^'-^subunit as defined in the Sequence Listing by SEQ ID: No. 8; 

(5) a recombinant DNA comprising the DNA<"' or the DNA^*-> of (1)-(4) in a vector; 

(6) a transformant transformed with the recombinant DNA of (5); 

40 (7) a method for the production of nitrile hydratase which comprises culturing the transformant as 
described in (6) and recovering nitrile hydratase from the culture; 

(8) a method for the production of amides which comprises hydrating nitriles using nitrile hydratase as 
described in (7) to form amides; and 

(9) a method for the production of amides which comprises culturing the transformant as described in 
45 (6). and hydrating nitriles using the resultant culture, isolated bacterial cells, treated matter thereof, or a 

fixed material of them, to form amides. 
The present invention is described in detail as follows. 
The present invention is carried out by the steps (1 )-(8): 

50 (1 ) Isolation and Purification of Nitrile Hydratase and Partial Amino Acid Sequencing of Nitrile Hydratase 

Two types of nitrile hydratase (designated as H type and L type, respectively) are isolated and purified 
from Rhodococcus rhodochrous J-i (PERM BP-1478) and the both enzymes are separated into a and fi 
subunits using HPLC. N-Termlnal amino acid sequence each of the subunits is determined and shown in 
55 the Sequence Listing by SEQ ID: Nos. 9-12, 

(2) Preparation of a DNA Probe for a Nitrile Hydratase Gene 
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A DNA probe is prepared from JM105/pYUK121 (PERM BP-1937) as described in JP-A-2-11 9778/1 990 
due to the high degree of homology in the amino acid sequence between the nitrile hydratase 0 subunit of 
Rhodococcus sp. N-774 described in said Japanese Patent Official Gazette and those of Rhodococcus 
rhodochrous J-L Plasmid pYUK121 containing nitrile hydratase gene derived from Rhodococcus sp. N-774 
5 is prepared from a JM105/pYUK121 culture. pYUK121 DNA is digested with SphI and Sal!. The Sphl-Sall 
fragment contains the nitrile hydratase gene (shown in the Sequence Listing by SEQ ID: No. 13) of 
Rhodococcus sp. N-774. The DNA fragment is radiolabeled. 



(3) Detection of a DNA Segment Containing a Nitrile Hydratase Gene from the Chromosome ofRhodoc- 
10 occus rhodochTouSiFi 



Chromosomal DNA is prepared from a Rhodococcus rhodochrous J-l culture. The chromosomal DNA is 
digested with restriction enzymes and hybridized to the probe described in (2) using the Southern 
hybridization method [Southern, E.M.. J. Mol. Biol. 98, 503 (1975)]. 
75 Two DNA fragments of a different length are screened. 

(4) Construction of a Recombinant Plasmid 



A recombinant plasmid is constructed by, inserting the chromosomal DNA fragment as prepared in (3) 
20 into a plasmid vector. 

(5) Transformation and Screening for a Transformant Containing the Recombinant Plasmid 



Transformants are prepared using the recombinant plasmid as described in (4). The transformant 
25 containing the recombinant plasmid is selected using the probe as described in (2) according to the colony 
hybridization method [R. Bruce Wallace et. al., Nuc. Aci. Res. 9, 879 (1981)]. Additionally, the presence of 
the nitrile hydratase gene in the recombinant plasmid is confirmed using the Southern hybridization method. 
The plasmids thus selected are designated as pNHJIOH and pNHJ20L. 

30 (6) Isolation and Purification of Plasmid DNA and Construction of the Restriction Map 



Plasmid DNAs of pNHJIOH and pNHJ2QL as prepared in (5) are isolated and purified. The restriction 
map of the DNAs Is constructed (Fig. 1) to determine the region containing nitrile hydratase gene. 

35 (7) DNA Sequencing 

The extra segment of the inserted DNA fragment in pNHJIOH and pNHJ20L is excised using an 
appropriate restriction enzyme. The inserted DNA fragment is then used for sequencing. The nucleotide 
sequence of the DNA fragment (SEQ: ID Nos. 14, '15) reveals that it contains the sequence deduced from 
40 the amino acid sequence as described in (1 ). 

(8) Production of Nitrile Hydratase Using the Transformant and Conversion of Nitriles to Amides 



The transformant as described in (8) is cultured. The bacterial cells are mixed with nitriles, a substrate 
45 of nitrile hydratase, and amides are produced, 

Rhodococcus rhodochrous J-l was deposited with Fermentation Research Institute. Agency of Industrial 
Science and Technology, and was assigned the accession number FERM BP-1478. A transformant 
TGI/pNHJiOH containing pNHJIOH as described in (5) and a transformant TGI/pNHJ20L containing 
pNHJ20L as described in (5) were deposited with the above and assigned the accession number FERM BP- 
50 2777 and FERM BP-2778, respectively. 

Any vectors including a plasmid vector (e.g., pAT153, pMP9, pHC624. pKC7. etc.), a phage vector (e.g., 
Kgtn (Toyobo), Charon 4A (Amersham), etc.) may be used. Enzymes which may be used include SphI, Sail, 
EcoRI, BamHI, Saci, and the like, which are commercially available (Takara Shuzo). Various hosts may be 
used for transformation including but not limited to E. coli JM105 and E. coll TGI. 
55 Culture media for the transformant are those ordTnarily used in the~irt 

Conversion of nitriles to amides is carried out using nitrile hydratase. crude nitrile hydratase. the culture 
of the transformant, the isolated bacterial cells or treated matter thereof, and the like, prepared from the 
culture of the transformant. 
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Suitable nitriles in the invention include aromatic nitriles having 4-10 carbon atoms in the aromatic 
moiety and aliphatic nitriles having 2-6 carbon atoms, which are described in the European Patent 
Publication No. 0.307,926. Typical examples of the nitriles are 4-. 3- and 2-cyanopyridines. benzonitrile. 2,6- 
difluorobenzonitrile, 2-thiophene carbonitrile, 2-furonitrile. cyanopyrazine, acrylonitrile, methacrylonitrile, 
5 crotonitriie, acetonitrile and 3-hydroxypropionitrile. 

The present invention discloses the amino acid sequence and nucleotide sequence of the a- and fi- 
subunits of two types of nitrile hydratase derived from Rhodococcus rhodochrous J-l. The DNA fragment 
encoding nitrile hydratase is inserted into an expression vector and the recombinant vector Is used for 
transformation. The transformant contains multiple copies of the gene and can produce much higher levels 
10 of nitrile hydratase than conventionally used microorganisms. 

Rg. 1 shows restriction maps of recombinant plasmids, pNHJIOH and pNHJ20L. 
The present invention is illustrated by the following Example. 
The following abbreviations are used in the Example. 
TE: Tris-HCI (10 mM; pH 7.8). EDTA (1 mM. pH 8.0) 

75 TNE: Tris-HCI (50 mM; pH 8.0), EDTA (1 mM. pH 8.0). NaCl (50 mM) 

STE: Tris-HCI (50 mM; pk 8,0). EDTA (5 mM. pH 8.0). Sucrose (35 mM) 

2xYT medium: 1.6% Trypton; 1.0% Yeast extract. 0.5% NaCI 



Example 

20 

(1) Isolation and Purification of Nitrile Hydratase and Partial Amino Acid Sequencing of Nitrile Hydratase 

Rhodococcus rhodochrous J-l was cultured in a medium (3 g/t of yeast extract. 0.5 g/t of KH2PO4.. 0.5 
g/l of K2HPO*, 0.5 g/1 of MgS04'4H20, 0.01 g/t of C0CI2, and 3 g/l of crotonamide. pH 7.2) at 28' C for 

25 80 hours. The bacterial cells were harvested. 50 g of the bacterial cells was disrupted and fractionated with 
ammonium sulfate. The sample was dialyzed and the dialysate was centrifuged. The supernatant was 
loaded on DEAE-Cellulofine chromatography, Phenyl-Sepharose chromatography, Sephadex G-150 
chromatography and Octyl-Sepharose chromatography. Two fractions with enzyme activity were obtained 
and dialyzed. The dialysates were loaded on a high performance liquid chromatography using a reversed 

30 phase column (Senshu Pak VP-304-1251. Senshu Kagaku), and two respective subunits (a and ff) were 
obtained. N-terminal amino acid sequence of ai**^^-. /3i^^^-. and jS/^*-subunits was determined using an 
Applied Biosystems model 470A protein sequencer. The amino acid sequences are shown in the Sequence 
Usting by SEQ ID: Nos. 9-12. 



35 (2) Preparation of a DNA Probe for Nitrile Hydratase Gene 



E. coli JM105 (PERM BP-1 937) ^containing pYUK121 was cultured in 100 ml of 2 xYT medium 
containing 50 iiQlm\ of ampicillin at 30* C overnight (12 hours). The bacterial cells were harvested and TNE 
was added to the ceils. The cell suspension was then centrifuged. 8 ml of STE and 10 mg bf lysozyme 

40 were added to the pellet. The mixture was incubated at O'C for five minutes followed by the addition of 4 
ml of 0.25M EDTA. 2 ml of 10% SDS and 5 ml of 5M NaCI were tiien added to the mixture at room 
temperature. The resultant mixture was incubated at 0-4 °C for three hours and then ultracentrifuged. 1/2 
volume of 30% PEG 6000 was added to the supernatant. The mixture was incubated at 0-4° C overnight (12 
hours) and centrifuged. TNE was added to the pellet to bring the volume to 7.5 ml and CsCI was then 

45 added to the suspension. The mixture was centrifuged to remove proteins. Then. 300-500 mg/ml of 
ethidium bromide was added to the supernatant. The mixture was transferred to a centrifuge tube. The tube 
was heat-sealed and then ultracentrifuged. cccDNA was extracted using a peristaltic pump. A bit more than 
equal amount of isopropyl alcohol saturated with water was added to the extract to rid of ethidium bromide. 
The sample was dialyzed against TE. About 3 ml of purified pYUK121 was obtained. 

50 pYUK121 DNA was digested with SphI and Sail, resulting in a 2.07 kb DNA fragment containing a nitrile 
hydratase gene derived from Rhodococcus sp. N-774, The fragment was radiolabeled with 32p to produce a 
probe. The nucleotide sequence of the probe is shown in the Sequence Listing by SEQ ID: No. 13. 



(3) Preparation of a DNA Fragment Containing a Nitrile Hydratase Gene of Chromosome 



Rhodococcus rhodochrous J-l was cultured in 100 ml of a medium (10 g/I of glucose, 0.5 g/t of 
KH2PO+. 0.5 g/t of K2HPO*, 0.5 g/i of MgS04*7H20. 1 g/l of yeast extract, 7.5 g/l of peptone, 0.01 g/l 
of C0CI2. 7.5 g/l of urea, 1% glycine or 0.2 /ig/ml of ampicillin, 1 I of water. pH 7.2). The bacterial cells 
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were harvested and the pellet was washed with TNE. The pellet was then suspended In 10 ml of TE. 4 ml of 
0.25M EDTA, 10-20 mg of lysozyme, 10-20 mg of achromoprotease and 10 ml of lOxSDS were added to 
the suspension. The suspension was incubated at 37"C for three hours. 15 ml of phenol was added to the 
suspension. The mixture was incubated at room temperature for 15 minutes and then centrifuged. The 

5 upper layer was removed, and 0,7 ml of 2.5M sodium acetate and diethyl ether were added to the 
supernatant. The mixture was centrifuged and the upper layer was discarded. Two volumes of ethanol were 
added to the bottom layer and DNA was removed with a glass rod. DNA was rinsed for five minutes each 
with TE:ethanol 2:8. 1:9, and 0:10 (v/v). DNA was then resuspended in 2-4 ml of TE (37* C). 10 ilI of a 
mixture of RNase A and Ti was added to the suspension and the mixture was incubated at 37 C. An equal 

10 amount of phenol was added to the mixture which was then centrifuged. More than equal amount of ether 
was added to the supernatant. The mixture was centrifuged again, and the upper layer was discarded and 
the bottom layer was saved. The bottom layer was dialyzed against 2 £ of TE containing a small amount of 
chloroform overnight and further dialyzed against fresh TE for 3-4 hours. 4 ml of crude chromosomal DNA 
was obtained. 

75 10 Ail of TE. 3 ;il of reaction buffer (I0x) and 2 /it of Sad were added to 15 of crude chromosomal 
DNA. The mixture was incubated at 37"C for an hour and electrophoresed on an agarose gel at 60 V for 
three hours. The Southern hybridization of chromosomal DNA was carried out using the probe as described 
in (2). About 6.0 kb and 9.4 kb fragments were found to show a strong hybridization. 

15 III of chromosomal DNA was digested with Sacl and electrophoresed on an agarose gel, as 

20 described above. 6.0 kb and 9.4 kb DNA fragments were cut out from the gel and taken in three volumes 
each of 8M NaCIO*. After solubilization, each solution was dotted on GF/C (Whatman) filter paper (6 mm in 
diameter). Ten drops (- 100 /xl) of TE containing 6M NaCiO* and then ten drops (- 100 ^i) of 95% ethanol 
were added to the filter paper. The paper was air-dried for 3 minutes and placed In 0.5 mi Eppendorf tube. 
40 of TE was added to the tube and the whole was incubated at 47 'c for 30 minutes. The tube was 

25 then centrifuged. About 40 fit of the supernatant was obtained which contained 6.0 kb and 9.4 kb DNA 
fragments containing a nitrile hydratase gene of chromosomal DNA. 

The method of inserting the 6.0 kb DNA fragment into a vector Is described below. The same method is 
applied for the insertion of the 9.4 kb DNA fragment into a vector. 

30 (4) Insertion of the Chromosomal DNA Fragment into a Vector 



10 of TE. 3 /it of reaction buffer (lOx) and 2 /£l of Sacl was added to 10 /li of pUC19. The mixture 
was incubated at 30 for an hour. 2 /xZ of 0.25M EDTA was added to the mixture to stop the reaction. 
Then, 7 ;xl of 1m Tris-HCI (pH 9) and 3 /iJt of BAP (bacterial alkaline phosphatase) were added to the 

35 mixture. The mixture was incubated at 65 ' C for an hour. TE was then added to the mixture to make a total 
volume to 100 fil. The mixture was extracted 3x with an equal amount of phenol. An equal amount of ether 
was added to the extract. The bottom layer was removed and 10 (il of 3M sodium acetate and 250 //Jt of 
ethanol were added to the bottom layer. The mixture was incubated at -80 C for 30 minutes, centrifuged, 
dried, and resuspended in TE. 

40 5 fit of pUC19 DNA thus obtained and 40 /it of the 6.0 kb DNA fragment as described in (3) were 
mixed. 6 /zl of ligation buffer. 6 /il of ATP (6 mg/ml) and 3 /ii of T4 DNA ligase were added to the mixture. 
The mixture was incubated at 4' C overnight (12 hours) to produce the recombinant plasmid containing the 
6.0 kb DNA fragment encoding the desired enzyme In the Sacl site of pUC19. 

45 (5) Transformation and Screening of Transformants 

E. coli TGI (Amersham) was Inoculated into 10 ml of 2xYT medium and incubated at 37* C for 12 
houriT After incubation, the resultant culture was added to fresh 2xYT medium to a concentration of 1%, 
and the mixture was incubated at 37* C for two hours. The culture was centrifuged and the pellet was 

50 suspended in 5 ml of cold 50 mM CaCb- The suspension was placed on ice for 40 minutes and then 
centrifuged. 0.25 ml of cold 50 mM CaCIa and 60 I of the recombinant DNA as described in (4) were 
added to the pellet. The mixture was Incubated at 0*C for 40 minutes, heat-shocked at 42 'C for two 
minutes, placed on ice for five minutes, and added to 10 ml of 2xYT medium. The mixture was incubated at 
37* C for 90 minutes with shaking, then centrifuged. The pellet was suspended in 1 ml of 2xYT medium. 

55 and two 10 /el aliquots of the suspension were plated on a 2xYT agar plate containing 50 /ig/ml of 
ampicillin separately. The plate was Incubated at 37* C. The colony grown on the plate was selected by the 
colony hybridization method: The colony was transferred to a nitrocellulose filter and digested. The DNA 
was fixed on the fitter and hybridized to the probe as described in (2). The filter was autoradiographed and 
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a recombinant colony was selected. Additionally, the presence of a nitrile hydratase gene in the transfor- 
mant was confirmed according to the Southern hybridization method. 

(6) Isolation and Purification of Recombinant Plasmid and Construction of the Restriction Map of the 
5 Inserted DNA Fragments 



The transformant selected as described in (5) was grown In 100 ml of 2xYT medium containing 50 
fig/m\ of ampicillln at 37 °C overnight (12 hours). The bacterial cells were harvested and TNE was added to 
the cells. The cells were collected again by centrlfugation, and 8 ml of STE and 10 mg of lysozyme were 

10 added to the cells. The mixture was incubated at O' C for five minutes. 4 ml of 0.25M EDTA. 2 ml of 10% 
SDS (at room temperature) and 5 ml of 5M NaCI were added to the mixture. The mixture was incubated at 
0-4* C for three hours, and ultracentrifuged. 1/2 volume of 30% PEG 6000 was added to the supernatant. 
The mixture was incubated at 0-4° C overnight (12 hours) and centrifuged again. TNE was added to the 
pellet to bring the volume up to 7.5 mt. CsCI was added to the suspension to rid of proteins. Then, 300-500 

75 mg/ml of ethldium bromide was added to the supernatant and the mixture was transferred to a centrifuge 
tube. The tube was heat-sealed and ultracentrifuged. cccDNA was removed using a peristaltic pump. A bit 
more than equal amount of isopropyl alcohol saturated with water was added to cccDNA to remove ethidium 
bromide. The ONA sample was dialyzed against TE, resulting in about 3 ml of purified recombinant DNA. 
The recombinant plasmid thus obtained containing a 6.7 kb DNA fragment was designated as pNHJIOH 

20 (The recombinant plasmid containing a 9.4 kb DNA fragment was designated as pNHJ20L). 

These plasmid DNAs were digested with EcoRI, BamHI, PstI, Saci and Sail. The restriction maps were 
constructed and are shown In Fig. 1 . 

(7) DNA Sequencing 

25 

The location of a nitrile hydratase gene in the DNA fragment of pNHJIOH was determined according to 
the restriction map constructed and to the Southern hybridization method. An extra segment in pNHJIOH 
was cleaved off with PstI and Sail: The 6.0 kb DNA fragment resulted in 1.97 kb. Similarly, an extra 
segment in pNHJ20L was cleaved off with EcoRI and Sad: The 9.4 kb DNA fragment resulted in 1 .73 kb. 
30 These DNA fragments were sequenced by the Sanger method [Sanger. F., Science 214: 1205-1210 
(1981)] using M13 phage vector. The nucleotide sequence of the 1.97 kb DNA fragment (pNHJIOH) and the 
1.73 kb DNA fragment (pNHJ20L) are shown in the Sequence Listing by SEQ ID: No. 14 and SEQ ID: No. 
15, respectively. 

The amino acid sequence deduced from the nucleotide sequence was found fully identical to the amino 
35 acid sequence as determined in (1 ). The sequence analysis also revealed that the DNA fragment contained 
the sequence coding for the a- and /3-subunits. 

(8) Production of Nitrile Hydratase Using the Transformant and Conversion of Nitriles to Amides Using 
Nitrile Hydratase 

40 

TGI /pNHJIOH and TG1/pNHJ20L were inoculated into 10 ml of 2xYT medium containing 50 /^g/ml of 
ampicillln and incubated at 30* C overnight (12 hours). 1 ml of the resultant culture was added to 100 ml of 
2xYT medium (50 /ig/ml of ampicillln, 0.1 g of C0CI2 •6H2O/I). The mixture was incubated at 30° C for 4 
hours. IPTG was added to the mixture to a final concentration of 1 mM. The mixture was incubated at 30* C 

45 for 10 hours. After harvesting the cells, the cells were suspended in 5 ml of 0.1 M phosphate buffer (pH 
7.5). The suspensions were disrupted by sonification for 5 min and centrifuged at 12,000 xg for 30 min. The 
resulting supernatants were used for the enzyme assay. The enzyme assay was carried out in a reaction 
mixture (12 ml) containing 50 mM potassium phosphate buffer (pH 7.5). 6 mM benzonltri»e and an 
appropriate amount of the enzyme. The reaction was carried out at 20 *C for 30 min and stopped by the 

50 addition of 0.2 ml 1 M HCI. The amount of benzamide formed in the reaction mixture was determined by 
HPLC. As a control, the mixture obtained by the same procedure as described above but from E. coli TGI 
was used. The levels of nitrile hydratase activity in cell-free extracts of E. coli containing pNHJIOH and 
pNHJ20L were 1.75 x 10"^ and 6.99 x 10~3 units/mg, respectively, when "cultured in 2xYT medium in the 
presence of C0CI2 and IPTG. Benzamide was found In the reaction mixture of TG1/pNHJ10H and pNHJ20L, 

55 whereas no benzamide was found in the reaction mixture of TGI . 
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(^) TNFORMATION FOR SEP ID NO; 1 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 203 amino acids 

(B) TYPE: Amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: Peptide 
(vi) ORIGINAL SOURCE 

(A) ORGANISM: Rhodococcus rhodochrous 

(B) STRAIN: J-1 (PERM BP-1478) 
(ix) FEATURES 

(A) OTHER INFORMATION 
a^^J-subunit 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1 



S to 15 

MetSerGluHisValAsnLysTyrThrGluTyrGluAlaArgThr 

2 0 Z S 3 0 

LysAlalleGluThrLeuLeuTyrGluArgGlyLeuIleThrPro 

3 5 4 0 4 5 

AlaAlaValAspArgValValSerTyrTyrGluAsnGluI leGly 

so 5 5 6 0 

ProMetGlyGlyAIaLysValValAlaLysSerTrpValAspPro 

6 5 7 0 7 5 

GluTyrArgLysTrpLeuGluGluAspAlaThrAlaAlaMetAla 

8 0 8 5 <» 0 

SerLeuGlyTyrAlaGlyGluGlnAlaHisGlnlleSerAlaVal 

9 5 1 0 0 1 0 5 

PheAsnAspSerGlnThrHisHisVal Val Va ICysThrLeuCys 

110 t I 5 12 0 

SerCysTyrProTrpProValLeuGlyLeuProProAIaTrpTyr 

1 2 5 1 3 0 1 3 5 

LysSerMetGluTyrArgSerArgValValAlaAspProArgGly 



EP 0 445 646 A2 



1 4 0 14 5 ISO 

ValLeuLysArgAspPheGlyPheAspIleProAspGIuValGlu 

I S S 16 0 1 6 S 

Val ArgValTrpAspSerSerSerGluI leArgTyrlleVallle 

17 0 I 7 S i 8 0 

ProGluArgProAlaGlyThrAspGlyTrpSerGluGluGluLeu 

I 8 S 19 0 I 9 S 

ThrLysLeuValSerArgAspSerMetlleGlyValSerAsnAla 

zoo 

LeuThrProGlnGluVal I ieVal 



(2) INFORMATION FOR SEQ ID NO: 2 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 229 amino acids 

(B) TYPE: Amino acid 

( C ) STRANDEDNESS : 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: Peptide 
(vi) ORIGINAL SOURCE 

(A) ORGANISM: Rhodococcus rhodochrous 

(B) STRAIN: J-1 (FERM BP-1478) 
(ix) FEATURES 

(A) OTHER INFORMATION 
/?(^^)-subunit 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2 

S 10 t s 

MetAspG ly IleHisAspThrGlyGlyHetThrGlyTyrG lyPro 

2 0 Z S 3 0 

ValProTyrGlnLysAspGluProPhePheHisTyrGluTrpGlu 

3 5 4 0 4 5 

GlyArgThrLeuSerl leLeuThrTrpMetHisLeuLysGlyl le 

5 0 5 5 6 0 

SerTrpTrpAspLysSerArgPhePheArgGluSerMetGlyAsn 

6 5 7 0 15 

GluAsnTyrValAsnGIuIIeArgAsnSerTyrTyrThrHisTrp 
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8 0 8 S ' 0 

LeuSerA laA laGl uArg IleLcuValAIaAspLysIlelleThr 

9 S 10 0 1 0 S 

GluGluGluArgLysHisArgValGInGluIleLeuGluGlyArg 

1 f 0 (15 I Z 0 

TyrThrAspArgLysProSerArgLysPheAspProAIaGlnlle 

1 2 5 13 0 1 3 5 

GIuLysAialleGiuArgLeuHisGluProHisSerLeuAlaLeu 

14 0 I 4 S ISO 

ProG lyAlaG luProSerPheSerLeuG I yAspLys I leLys Va I 

t S S I & O 16 5 

LysSerMetAsnProLeuGIyHisThrArgCysProLysTyrVal 

17 0 1 7 5 1 8 0 

ArgAsnLysI leGIyGluI leValAIaTyrHisGlyCysGlnl le 

|>-8-Sr 19 0 I 9 s 

TyrProGluSerSerSerAlaG lyLeuG lyAspAspProArgPro 

200 205 t t 0 

LeuTyrThrValAlaPheSerAlaGlnGluLeuTrpGlyAspAsp 

ZtS 220 225 

GlyAsnGlyLysAspValValCysValAspLeuTrpGIuProTyr 
Leu I I eSer A 1 a 



(3) INFORMATION FOR SEP ID NO: 3 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 207 amino acids 

(B) TYPE: Amino acid 

(C) STRANDEDNESS : 

( D ) TOPOLOGY : Linear 

(ii) MOLECULE TYPE: Peptide 
(vi) ORIGINAL SOURCE 

(A) ORGANISM: Rhodococcus rhodochrous 

(B) STRAIN: J-1 (PERM BP-1478) 
(ix) FEATURES 

(A) OTHER INFORMATION 
a^^'-subunit 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3 



5 10 t S 

Me tThrAIallisAsnProVa IG 1 nG lyThrLeuProArgSerAsn 

2 0 2 S 3 0 

CluGluIleAlaAlaArgValLysAlaMetGIuAlalieLeuVal 

3 5 * 0 4 S 

AspLysGIyLeuIleSerThrAspAlalleAspHisMetSerSer 

5 0 5 5 6 0 

ValTyrGluAsnGluValGlyProGlnLeuGIyAlaLysIleVal 
AiaArgAlaTrpValAspProGluPheLysGlnArgLeuLeuThr 

8 0 8 5 "9 0 

AspAlaThrSerALatysArgG luMe tGlyValGlyGlyMetGln 

9 5 1 0 0 1 0 5 

GlyGluG luMe tVal ValLeuGluAsnThrG lyThrValHisAsn 

110 115 12 0 

HetValValCysThrLeuCysSerCysTyrProTrpProValLeu 

1 2 5 1 3 0 1 3 5 

GlyLeuProProAsnTrpTyrLysTyrProAlaTyrArgAlaArg 

14 0 14 5 15 0 

AiaValArgAspProArgGlyValLeuAlaGluPheGlyTyrThr 

I 5 S 16 0 16 5 

ProAspProAspValGluI leArgl leTrpAspSerSerAlaGlu 
LeuArgTyrTrpValLeuProGlnArgProAlaGlyThrGIuAsn 

1 8 5 19 0 1 9 5 

PheThrGluGluGlnLeuAIaAspLeuValThrArgAspSerLeu 

2 0 0 2 0 5 

IleGlyValSerValProThrThrProSerLysAIa 



(4) TMFQRMAT TQN FOR SEP ID NO: 4 

[i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 226 amino acids 

(B) TYPE: Amino acid 

( C ) STRANDEDNES S : 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: Peptide 
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(vi) ORIGINAL SOURCE 

(A) ORGANISM: Rhodococcus rhodochrous 

(B) STRAIN: J-1 (PERM BP-1478) 
(ix) FEATURES 

(A) OTHER INFORMATION 

^(i')-subunit 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4 



S 10 IS 

MetAspGlylleHisAspLeuGlyGIyArgAlaGlyLeuGIyPro 

2 0 Z S 3 0 

IleLysProGIuSerAspGIuProValPheflisSerAspTrpGIu 

3 S 4 0 4 5 

A-rgSerVal LeuThrMe iPheProAlaMetAIaLeuAlaGIyAla 

so S 5 6 0 

PheAsnLeuAspGlnPheArgGlyAlaMetGluGInlleProPro 

6 5 7 0 7 5 

liisAspTyrLeuThrSerGlnTyrTyrGIullisTrpMetllisA la 

9 0 e S 9 0 

HetlleHisHisGlylleGIuAIaGlyl I ePheAspSerAspG 1 u 

S 10 0 I 0 s 

LeuAspArgArgThrGlnTyrTyrMetAspHisProAspAspThr 

110 115 12 0 

ThrProThrArgGlnAspProGInLeuValGluThrlleSerGln 

I 2 S 13 0 13 5 

LeulleThrHisGlyAIaAspTyrArgArgProThrAspThrGlu 

1^0 145 ISO 

AlaAlaPheAlaVaiGlyAspLysVall leVa I ArgSerAspA la 

> 5 5 16 0 I 6 S 

SerProAsnThrHisThrArgArgAiaGlyTyrValArgGlyArg 

•■JO ITS 180 

ValGlyGluValValAlaThrHisGlyAlaTyrValPheProAsp 

IBS 170 I 9 S 

ThrAsnA laLeuG I yAlaG lyG luSerProG luH isLeuTyrThr 

200 20S ZIO 

ValArgPheSerAlaThrGluLeuTrpGIyGluProAIaAlaPro 

ZJS Z20 ZZ% 

AsnValValAsnHisileAspValPheGluProTyrLeuLeuPro 
Ala 
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(5) INFORMATION FOR SEQ NO: 5 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 609 base pairs 

(B) TYPE: Nucleic acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: Genomic DNA 
(vi) ORIGINAL SOURCE 

(A) ORGANISM: Rhodococcus rhodochrous 

(B) STRAIN: J-1 (PERM BP-1478) 
( ix ) FEATURES 

(A) OTHER INFORMATION 
or^^^-subunit 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5 



GTGAGCGAGCACGTCAATAAGTACACGGAGTACGAGGCACGTACC 
AAGCCGATCGAAACCTTGCTGTACGAGCGAGGGCTCATCACGCCC 
GCCCCGGTCGACCGAGTGGTTTCGTACTACGAGAACGAGATCGGC 
CCGATGGGCGGTGCCAAGGTCGTGGCCAAGTCCTGGGTGGAGCCT 
GAGTACCGCAAGTGGCTCGAAGAGGACGCGACGGCCGCGATGGCG 
TCATTGGGCTATGCCGGTGAGCAGGCACACCAAATTTCGGCGGTC 
TTCAACGACTCCCAAACGCATCACGTGGTGGTGTGCACTCTGTGT 
TCGTGCTATCCGTGGCCGGTGCTTGGTCTCCCGCCCGCCTGGTAC 
AAGAGCATGGAGTACCGGTCCCGAGTGGTAGCGGACCCTCGTGGA 
GTGCTCAAGCGCGATTTCGGTTTCGACATCCCCGATGAGCTGGAG 
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GTCAGGGTTTGGGACAGCAGCTCCGAAATCCGCTACATCGTCATC 
CCGGAACGGCCGGCCGGCACCGACGGTTGGTCCGAGGAGGAGCTG 
ACGAAGCTGGTGAGCCGGGACTCGATGATCGGTGTCAGTAATGCG 

6 0 0 

CTCACACCGCAGGAAGTGATCGTA 



(6) INFORMATION FOR SEP ID NO: 6 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 687 nucleic acids 

(B) TYPE: Nucleic "acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: Genomic DNA 
(vi) ORIGINAL SOURCE 

(A) ORGANISM: Rhodococcus rhodochrous 

(B) STRAIN: J-1 (FERM BP-1478) 
( ix ) FEATURES 

(A) OTHER INFORMATION 
;S<^'-subunit 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6 

ATGGATGGTATCCACGACACAGGCGGCATGACCGGATACGGACCG 
GTCCCCTATCAGAAGGACGAGCCCTTCTTCCACTACGAGTGGGAG 
GGTCGGACCCTGTCAATTCTGACTTGGATGCATCTCAAGGGCATA 
TCGTGGTGGGACAAGTCGCGGTTCTTCCGCGAGTCGATGGGGAAC 
GAAAACTACGTCAACGAGATTCGCAACTCCTACTACACCCACTGG 
CTGAGTGCGGCAGAACGTATCCTCGTCGCCGACAAGATCATCACC 



13 



EP 0 445 646 A2 



GAAGAAGAGCGAAAGCACC6TGTGCAAGAGATCCTTGAGGGTCGG 
TACACGGACAGGAAGCCGTCGCGGAAGTTCGATCCGGCCCAGATC 
GAGAAGGCGATCGAACGGCTTCACGAGCCCCACTCCCTAGCGCTT 
CCAGGAGCGGAGCCGAGTTTCTCTCTCGGTGACAAGATCAAAGTG 
AAGAGTATGAACCCGCTGGGACACACACGGTGCCCGAAATATGTG 

SIO SZS 540 

CGGAACAAGATCGGGGAAATCGTCGCCTACCACGGCTGCCAGATC 
TATCCCGAGAGCAGCTCCGCCGGCCTCGGCGACGATCCTCGCCCG 
CTCTACACGGTCGCGTTTTCCGCCCAGGAACTGTGGGGCGACGAC 
GGAAACGGGAAAGACGTAGTGTGCGTCGATCTCTGGGAACCGTAC 
CTGATCTCTGCG 



(7) INFORMATION FOR SEP ID NO: 7 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 621 base pairs 

(B) TYPE: Nucleic acid 

(C) STRANDEONESS: Single 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: Genomic DNA 
(vi) ORIGINAL SOURCE 

(A) ORGANISM: Rhodococcus rhodochrous J-1 

(PERM BP-1478) 

{ ix ) FEATURES 

(A) OTHER INFORMATION 
ar^^^-subunit 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7 
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IS 3 0 4 5 

ATGACCGCCCACAATCCCGTCCAGGGCACGTTGCCACGATCGAAC 
GAGGAGATCGCCGCACGCGTGAAGGCCATCGAGGCCATCCTCGTC 
GACAAGGGCCTGATCTCCACCGACGCCATCGACCACATGTCCTCG 
GTCTACGAGAACGAGGTCGGTCCTCAACTCGGCGCCAAGATCGTC 
GCCCGCGCCTGGGTCGATCCCGAGTTCAAGGAGCGCCTGCTCACC 
GACGCCACCAGCGCCTGCCGTGAAATGGGCCTCGGCGGCATGCAG 

zas 300 3ts 

GGCGAAGAAATGGTCGTGCTGGAAAACACCGGCACGGTCCACAAC 
ATGGTCGTATGTACCTTGTGCTCGTGCTATCCGTGGCCGGTTCTC 
GGCCTGCCACCCAACTGGTACAAGTACCCCGCCTACCGCGCCCGC 
GCTGTCCGCGACCCCCGAGGTGTGCTGGCCGAATTCGGATATACC 
CCCGACCCTCACGTCGAGATCCGGATATGCCACTCGAGTGCCGAA 

SIO SZS S * 0 

CTTCGCTACTGGGTCCTGCCGCAACGCCCAGCCGGCACCGAGAAC 
TTCACCGAAGAACAACTCGCCGACCTCGTCACCCGCGACTCGCTC 
ATCGGCGTATCCGTCCCCACCACACCCAGCAAGGCC 



(8) INFORMATION FOR SEP ID NO: 8 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 678 base pairs 

(B) TYPE: Nucleic acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: Genomic DNA 
(vi) ORIGINAL SOURCE 
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(A) ORGANISM: Rhodococcus rhodochrous 

(B) STRAIN: J-1 (FERM BP-1478) 
( ix ) FEATURES 

(A) OTHER INFORMATION 
^(^>-subunit 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8 

IS 3 0 4 S 

ATGGATGGAATCCACGACCTCGGTGGCCGCGCCGGCCTGGGTCCG 

ATCAAGCCCGAATCCGATGAACCTGTTTTCCATTCCGATTGGGAG 
CGGTCGGTTTTGACGATGTTCCCGGCGATGGCGCTGGCCGGCGCG 

TTCAATCTCGACCAGTTCCGGGGCGCGATGGAGCAGATGCCCCCG 
CACGACTACCTGACCTCGCAATACTACGAGCACTGGATGCACGCG 
ATGATCCACCACGGCATCGAGGCGGGCATCTTCGATTCCGACGAA 
CTCGACCGCCGCACCCAGTACTACATGGACCATCCGGACGACACG 
ACCCCCACGCGGCAGGATCCGCAACTGGTGGAGACGATCTCGCAA 
CTGATCACCCACGCAGCCGATTACCGACGCCCGACCGACACCGAC 
GCCGCATTCGCCGTAGGCGACAAAGTCATCGTGCGGTCGGACGCC 
TCACCGAACACCCACACCCGCCGCGCCGGATACGTCCGCGGTCGT 
GTCGGCGAAGTCGTGGCGACCCACGGCGCGTATGTCTTTCCGGAC 

5SS S-JO 585 

ACCAACGCACTCGGCGCCGGCGAAACCCCCCAACACCTGTACACC 
GTCCGGTTCTCGGCCACCGAGTTGTGGCGTGAACCTGCCGCGCCG 

&45 b b 0 fc7S 

AACCTCGTCAATCACATCGACGTGTTCGAACCGTATCTGCTACCG 
GCC 



(9) INFORMATION FOR SEP ID NO: 9 
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10 



20 



25 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26 amino acids 

(B) TYPE: Amino acid 

( C ) STRANDEDNESS : 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: Peptide 
^5 (vi) ORIGINAL SOURCE 

(A) ORGANISM: Rhodococcus rhodochrous 

(B) STRAIN: J-1 (FERM BP-1478) 
( ix ) FEATURES 

(A) OTHER INFORMATION 
a^^J-subunit : a^^^^ 
(xi) SEQUENCE DESCRIPTION; SEQ ID NO; 9 

S 10 IS 

50 Ser-GlurHis-Val-Asn-Lys-Tyr-Thr-Glu-Tyr-Glu-Ala-Arg-Thr-Lys 

2 0 2 5 

A 1 a- 1 1 e-G I u-Thr-Leu-Leu-Ty r-G 1 u-Arg-G I y-Leu 

(10) INFORMATION FOR SEP ID NO; in 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 amino acids 

(B) TYPE: Amino acid 

( C ) STRANDEDNESS : 

(D) TOPOLOGY: Linear 

(11) MOLECULE TYPE: Peptide 
so (vi) ORIGINAL SOURCE 

(A) ORGANISM: Rhodococcus rhodochrous 
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45 



55 
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70 



75 



20 



30 



35 



40 



45 



(B) STRAIN: J-1 (PERM BP-1478) 
(ix) FEATURES 

(A) OTHER INFORMATION 

/3t^'-subunit: fi^^^^ 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10 

5 10 > S 

Met-Asp-Gly-Ile-His-Asp-Thr-Gly-Gly-Met-Thr-Gly-Tyr-GIy-Pro 

2 G 2 5 

Va I -P r 0-Ty r-G 1 n-Ly s-Asp-G 1 u-Pro-Phe-Phe-H i s-Ty r-G 1 u 



(11) INFORMATION FOR SEO TP NO: 11 
25 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 amino acids 

(B) TYPE: Amino acid 

( C ) STRANDEDNESS : 

(D) TOPOLOGY: Linear 
(ii) MOLECULE TYPE: Peptide 
(vi) ORIGINAL SOURCE 

(A) ORGANISM: Rhodococcus rhodochrous 

(B) STRAIN: J-1 (FERM BP-1478) 
(ix) FEATURES 

(A) OTHER INFORMATION 

a^^'-subunit : a^^^^ 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11 



50 



55 
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5 t 0 

Thr-AIa-His-Asn-Pro-Val-Gln-CIy-Thr-Leu-Pro-Arg-? 

(12) INFORMATION FOR SEP ID NO; 12 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 amino acids 

(B) TYPE: Amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: Peptide 
(vi) ORIGINAL SOURCE 

(A) ORGANISM: Rhodococcus rhodochrous 

(B) STRAIN: J-1 (FERM BP-1478) 
(ix) FEATURES 

(A) OTHER INFORMATION 
/?(i')-subunit: yg^^^) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12 

Met-Asp-GIy-Ile-His-Asp-Leu-Cly-Gly-Arg-Ala-?-Leu 
Ile-Lys-Pro-Glu 



(13) INFORMATION FOR SEP ID NO: 13 
(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 2070 base pairs 

(B) TYPE: Nucleic acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: Genomic DNA 
(vi) ORIGINAL SODRCE 

(A) ORGANISM: Rhodococcus sp. 

(B) STRAIN: N-774 {PERM BP-1936) 
( ix ) FEATURES 

from nucleotide No. 675 to 1295: subunit a 
from nucleotide No. 1225 to 1960: subunit /3 
(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 13 

SphI 

GCATGCTTTCCACATCTGGAACGTGATCGCCACGGACGGTGGTG 
CCTACCAGATGTTGGACGGCAACGGATACGGCATGAACGCCGAAG 

.10 0 

gtttgtacgatccggaactgatggcacactttgcttctcgacgca 
ttcacbacgccgacgctctgtccgaaaccctcaaactggtggccc 
tgaccggccaccacggcatcaccaccctcggcggcgcgagctacg 
gcaaagcccggaacctcgtaccgcttgcccgcgccgcctacgaca 
ctgccttgagacaattcgacgtcctcgtga'tgccaacgct'gccct 
acgtc'gcatccgaattgccggcgaacgacgtagat'cgtccaacct 
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TCATCACCAACGCTCTCGGGATGATCGCCAACACGCCACCATTCG 
ACGTGACCGGACATC'CGTCCCTGTC'CGTTCCGGCCGGCCTCGTGA 

ACGGGCTTCCGGTCGGAATGATGATCACCGCCAGACACTTCGACC 
- 5 0 0 H i nd DI 

ATGCGACAGTCCTTCGTCTCGCACGCGCATTCGAAAAGCTTCGCC 
bcCGGTTTCCGACGCCGGCCCAACGCCCCTCCAACTCTGCACCAC 
AACTCAGCCCCGCCTAGTCCTGACGCACTGTCAGACAACAAATTC 
CACCGATTCACACATGATCAGCCCACATAAGAAAAGGTGAACCAG 

ATGTCAGTAACGATCGACCACACAACGGAGAACCCCGCACCGGCC 

MetSerVa IThr I 1 eAspH-isThrThrG 1 uAsnA 1 aA 1 aProA 1 a 
Subunila 

CAGGCGGCGGTCTCCGACCGCGCGTGGGCACTGTTCCGCGCACTC 

ClnAlaAIaValSerAspArgAIaTrpAlaLeuPheArgAiaLeu 

Kpn I .800 
GACGCTAAGGGATTGGTACCCGACCGTTACCTCGAGGGATCGAAG 
AspGlyLysGIyLeuValProAspGIyTyrValGluGlyTrpLys 

AAGACCTCCGAGCAGGACTTCAGTCCAAGGCGCGGAGCGGAATTG 
LysThrSerGIuGluAspPheSerProArgArgGlyAlaGluLeu 

PvuII 

GTAGCGCGCGCATGGAGCGACCCGGAGTTCCGGCAGCTGCTTCTC- 

ValAlaArgAIaTrpThrAspProGIuPheArgGlnLeuLeuLeu 
.9 0 0 K p n I 

ACCGACGGTACCGCCGCACTTGCCCAGTACGGATACCTGGGCCCC 
ThrAspG 1 yThrAUAl aVa lA 1 aG InTyrG 1 yTy rLeuG 1 yPro 

.850 

CAGGCGGCCTACATCGTGGCAGTCGAAGACACCCCGACACTCAAG 

GlnAlaAlaTyrlleValAlaValGluAspThrPioThiLeuLys 

.1000 

AACGTCATCGTGTGCTCGCTGTGTTCATGCACCGCGTGGCCCATC 
AsnVal I leValCysSerLeuCysSerCysThrAlaTrpProl le 

. I 0 s 0 

CTCGGTCTGCCACCCACCTGGTACAAGAGCTTCGAATACCGTGCG 
LeuGlyLeuProProThrTrpTyrLysSerPheGluTyrArgAla 
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cgcgtggtcc'gcgaaccacg'gaaggttctc'tccgagatgg'gaacc 

ArgValValArgGluProArgLysValLeuSerGluMetGlyThr 

gagatcgcgtcggac'atcgagattcgcgtctacga'caccaccgcc 

Glul leAlaSerAspl leGlul leArgValTyrAspThrTluAla 

gaaactccctacatggtcctcccccagcgt'cccgccgggaccgaa 

GluThrArgTyrMelValLeuProGlnArgProAlaGlyThrGlu 

P s t I 

cgctggagccaggaacaactgcagg'aaatcctcac'caacgactgc 

GlyTrpSerGlnGJuGinLeuGlnGluileValThrLysAspCys 

ctgatcggggttgcaatcccgcaggttcccaccgtctcat'caccc 

LeuileGlyValAlal i eP r oG i n Va 1 ProTh r Va I TRM 

cgacaagaaggaagc'acacc-atggatcgactacacgatcttgcc 

— ' MetAspGlyValHisAspLeuAla 
Subun i t /3 

.13 5 0 

GGAGTACAAGGCTTCGGCAAAGTCCCGCATACCGTCAACGC'CGAC 
GlyValGlnGlyPheGlyLysValProHisThrValAsnAlaAsp 

ATCGGCCCCACCTTTCACGCCGAATGGGAACACCTGCCCTACAGC 
IleGlyProThrPheHisAlaGluTrpGluHisLeuProTyrSer 

CTGATGTTCGCCGGTCTCGCCGAACTCGGGCCCTTCAGCGTCGAC 
LeuMetPheAlaGIyValAlaGluLeuGlyAlaPheSerValAsp 

gaagtgcgatacgtcgtcgagcggat'ggacccgggccactacatg 

GluVa lArgTyrValValG luArgMelG luProGlyHisTyrMet 

ATGACCCCGTACTACGAGAGGTACCTCATCGGTGTCGCGACATTG 
MetThrProTyrTyrG luArgTyrVallleGlyVa lA laThrLeu 

ATGGTCCAAAAGGGAATCCTGACGCAGCACGAACTCCAAAGCCTT 
MetValGluLysGlylleLeuThrGlnAspGIuLeuGluSerLeu 

GCGGGGGGACCGTTCCCACTGTCACGGCCCAGCCAATCCGAAGGG 
AlaGlyGlyProPheProLeuSerArgProSerGluSerGluCly 
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cgcccg'gcacccgtcg'agacgaccac'cttcgaagtcgggcagcga 

ArgProAlaProValGluThrThrThrPheGluValGlyGlnArg 

GTACGCGTACGCCACGAGTACbTTCCGGGGCATATTCGAATGCCT 
ValArgValArgAspGluTyrValProGlyllisIleArgMetPro 

gcatac'tgccgtggacgagtgggaaccatctctcat'cgaactacc 

AlaTyrCysArgClyArgVaiGlyThrlleSerHisArgThrThr 

.18 0 0 

GAGAAGTGGCCGTTTCCCGACCCAATCGGCCACGGGCGCAACGAC 
GluLysTrpProPheProAspAlalleGlyHisGlyArgAsnAsp 

. > » S 0 

GCCGCCGAAGAACCGACGTACCACGTGAAGTTCGCCGCCGAGGAA 
AlaGlyGluGluProThrTyrHisValLysPheAlaAlaGluGlu 

■ I s 0 0 Sail 
TTGTTCGGTAGCGACACCGACGGTGGAAGCGTCGTTGTCGACCTC 
LeuPheG lySerAspThrAspGlyGIySerValVal Val AspLeu 

. I » S 0 

TTCGAGGGTTACCTCGAGCCTGCGGCCTGATCTTCCAGCATTCCA 
PheGluGlyTyrLeuGluProAlaAlaTRM 

, 2 0 0 0 

GGCGCCGGTCACGCGATCACAGCGGTTCGTGCGACCGCCGCCTGA 

TCACCACGATTCACTCATTCGGAAGGACACTCGAAATCATGGTCG 

Sal I 

AC 



(14) INFORMATION FOR SEP ID NO: 14 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1970 base pairs 

(B) TYPE: Nucleic acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: Genomic DNA 
(vi) ORIGINAL SOURCE 
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(A) ORGANISM: Rhodococcus rhodochrous J-1 

(PERM BP-1478) 

( ix } FEATURES 

from nucleotide No. 408 to 1094: subunit (3^^^ 
from nucleotide No. 1111 to 1719: subunit a^^^ 

(xi) ' SEQUENCE DESCRIPTION: SEQ ID NO: 14 



CTGCAGCTCGAACATCGAAGGGTGCGAGCCGAGAGATCGGAGACGCAGACACCCGGAGGG 
AACTTAGCCTCCCGGACCGATjGjC€TGTCCTGGCAACGCCTCAAAATTCAGTGCAAGCGAT 

20 

. TCAATCTTGTTACTTCCAGAACCGAATCACGTCCCCGTAGTGTGCGGGG^ 
25 ACGCAGGGATGGTATCCATGCGCCCCTTCTCTTTTCGAACGACAACCGGCCGGTACACCC 

GACCCGGAGACACTGTGACGCCGTTCAACGATTGTTGTGCTGTGAAGGATTCACCCAACC 



CAACTGATATCGCCATTCCGTTGCCGGAACATTTGACACCTTCTCCCTACGAGTACAAGC 

CAGCTGGACCCCTCTTTGAGCCCAGCTCCGATGAAAGCAATGAGGAAATGGATCGTATCC 

MetAspGly 1 leH 
Subunit p 

ACGACACAGGCGGCATGACCGGATACGGACCGGTCCCCTATCAGAACGACCAGCCCTTCT 
isAspThrGlyGIyMetThrGlyTyrGlyProValProTyrGlnLysAspGluProPheP 

tccactacgagtgggagggtcggaccctgtcaattctgacttggatgcatctcaaggcca 

hellisTyrGluTrpGluGlyArgThiLeuSer 1 leLeuThrTipMetllisLeuLysGly 1 

tatcgtcgtgggacaagkgcggttcttccgggagtccatggggaacgaaaactacgtca 

leSerTrpTrpAspLysSerArgPhePheArgGluSerMelGlyAsnG luAsnTyrValA 

acgagattcgcaactcgtactacacccactcgctgagtgcggcagaacgtatcctcgk 

snGluI leArgAsnSerTyrTyrThrHisTrpLeuSerAlaAlaGluAig I leLeuVa I A 

ccgacaagatcatcaccgaagaagagcgaaaccaccgtgtgcaagagatccttgagggtc 

laAspLysIIel leThrGluGluGluArgLysHisArgValGlnGtuI leLeuGluGIyA 
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CCCGTGCTTGGTCTCCCGCCCGCCTGGTACAAGAGCATGGAGTACCGGTCCCGAGK 
ProVaiLeuGlyLeuProProAlaTrpTyrLysSerMetGluTyrArgSerArgValVal 

5 1510 1520 IS30 1540 1S30 ISSO 

GCGGACCCTCGTGGAGTGCTCAAGCGCGATTTCGGTTTCGACATCCCCCATCAGGTGGAG 
AlaAspProArgGlyValLeuLysArgAspPheGlyPheAspI leProAspGIuValGlu 

GTCAGGGTTTGGGACAGCACCTCCGAAATCCGCTACATCGTCATCCCGGAACGGCCG^ 
10 ValArgValTrpAspSerSerSerGluI leArgTyrl leVall leProGluArgProAla 

1830 1640 taSO teSO 1670 1580 

GGCACCGACGGTTGGTCCGAGGACGAGCTGACGAAGCTGCTGAGCCGGGACTCGATGATC 
GlyThrAspGIyTrpSerGluGluCIuLeuThrLysLeuValSerArgAspSerMel 1 le 

75 CGTGTGAGTAATGCGCTCACACCGCAGGAAGTGATCGmGAGTGAAGACACACTCK 

GlyValSerAsnAIaLeuThrProGlnGluVall leVat 

ATCGGCTCCCGGCGACTCGCACCGCCGCACCGCCCCGCGACAATGGCGAG^ 

20 1810 1820 1830 1840 1850 I860 

CCGAGCCTTGGGAAGCAACGGCATTCGGGGTCCCCATCGCGCTTTCCGATCAGAAGTCGT 

1870 I8B0 1890 1800 1910 1020 

ACGAATCGGAGTTCTTCCGACAGCGTCTCATTCACTCCATCGCTGAGGCCAACGGTTGCG 



25 



AGGCATACTACGAGAGCTGCACAAAGGCGCTCGAGGCCA^ 
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(15) INFORMATION FOR SEP ID NO: 15 
(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 1731 base pairs 
50 (B) TYPE: Nucleic acid 
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(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: Genomic DNA 

(vi) ORIGINAL SOURCE 

(A) ORGANISM: Rhodococcus rhodochrous 

(B) STRAIN: J-1 (PERM BP-1478) 

(ix) FEATURES 

from nucleotide No. 171 to 848: subunit fi^^^ 

from nucleotide No. 915 to 1535: subunit a^^' 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15 



GAGCTCCCTCGAGCCACTCGCGCCGACGCATCCACGCTCGGACAGCCCACGGTCCGGATC 
ACCCCTGTTCGTCGGTAACAGAACAGTAACATGTCATCACGTCATCACGTGTTGACGCAT 

TAGACGAGGGCACATAGGGTTGGTCACTckGGCACAACGAGAGCATTTCATGGATGGAA 

MetAspGlyl 
Subunit yS ' 

TCCACGACCTCGGTGGCCGCGCCGGCCTGGGTCCGATCAAGCCCGAATCCGATGAACCTG 
leHisAspLeuGlyGlyArgAlaGIyLeuGIyProl 1 eLysProG 1 uSerAspG I uProV 

TTTTCCATTCCGATTGGGAGCGGTCGGmTGACCATGTTCCCGCCGATCGCGCTGGCCG 
alPheHisSerAspTrpGluArgSerValLeuThiMetPheProAlaMelAlaLeuAlaG 

GCGCGTTCAATCTCGACCAGTTCCGGGCCGCGATCGAGCAGATCCCCCCGCACGACTACC 
lyAlaPheAsnLeuAspGlnPheArgG lyAlaMetG luG In 1 leProProHisAspTyi L 

TGACCTCGCAATACTACGACCACTGGATGCACGCCATGATCCACCACGCCATCGAGGCGG 
euThrSerGlnTyrTyrGluHisTrpMelHisAlaMetl lellisllisGlyl leGluAlaG 

GCATCTTCGATTCCGACGAACTCGACCGCCGCACCCAGTACTACATGGACCATCCGGACG 
lyl lePheAspSerAspGluLeuAspArgArgThrGlnTyrTyiMelAspHisProAspA 
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ACACCACCCCCACGCCGCAGGATCCCCAACTGGTGGAGACCATCTCGCAACTGATCACCC 
spThrThrProThrArgGlnAspProGlnLeuValGluThrlleSerGlnLeuIleThrH 

ACGGACCCGATTACCGACGCCCGACCGACACCGAGGCCGCATTCGCCGTAGGCGACAAAG 
isGlyAlaAspTyrArgArgProThrAspThrGluAlaAlaPheAlaValClyAspLysV 

TCATCGTGCGGTCGGACGCCTCACCGAACACCCACACCCGCCGCGCCGCATACCTCCCCC 
all ieValArgSerAspAlaSerProAsnThrHisThiArgArgAlaCIyTyrValArgC 

GTCGTGTCGGCGAAGTCGTGGCGACCCACGGCGCGTATGTCTTTCCGGACACCAACGCAC 
lyArgValGlyGluValValAlaThrHisGlyAlaTyrValPheProAspThrAsnAlaL 

TCGGCGCCGGCGAAAGCCCCGAACACCTGTACACCGTGCGGTTCTCGGCGACCGAGTTGT 
euGlyAlaGIyGluSerProGluHisLeuTyrThrValArgPheSerAlaThrGluLeuT 

7S0 800 810 820 830 8-10 

CGGGTGAACCTGCCGCCCCGAACGTCGTCAATCACATCGACCTGTTCGAACCGTATCTGC 
rpGlyGluProAlaAlaProAsnVarValAsnHisI leAspValPheGluProTyrLeuL 

TACCGGCCTGACCACGTCATCCGGTCCACCCAGCGAGACGTCCCTTCACCACAGACAGAA 
euProAla • 

AGGAGCCCACCGCGATCACCGCCCACAATCCCGTCCAGGGCACGTTGCCACGATCGAACG 

MetThrAlaHisAsnProValGlnGIyThrLeuProArgSerAsnG 
Subunit a 

AGGAGATCGCCGCACGCGTGAAGGCCATGGAGGCCATCCTCGTCGACAAGGGCCTGATcf 
luGIul leAlaAlaArgValLysAlaMetGluAlal leLeuValAspLysGlyLeul leS 

1030 1040 lOSO 1060 lOTO 1080 

CCACCGACGCCATCGACCACATGTCCTCGGTCTACGAGAACGAGGTCGGTCCTCAACTCG 
erThrAspAlal leAspH i sMe tSerSerVa ITy rG 1 uAsnG 1 uVa IG I yProG 1 nLeuG 

GCGCCAACATCGTCGCCCGCGCCTGGGTCCATCCCGAGTTCAAGCAGCGCCTGCTCA^ 
lyAlaLysI leValAlaArgAlaTrpValAspProGluPheLysClnArgLeuLeuThrA 

ACGCCACCAGCGCCTGCCGTGAAATGGCCGTCGGCGGCATGCAGGGCGAAGAAATGCK 
spAlaThrSerAlaCysArgGluMelGlyValGlyGlyMetGlnGlyGluGluMetValV 

TGCTGGAAAACACCGGCACGGTCCACAACATGGTCGTATGTACCTTGTGCTCGTGCT^ 
alLeuGluAsnThrGlyThrValHisAsnMetValValCysThrLeuCysSerCysTyrP 

CGTGGCCCGTTCTCGGCCTGCCACCCAACTGGTACAACTACCCCGCCTACCGCGCCCG^ 
roTrpProValLeuGlyLeuProProAsnTrpTyrLysTyrProAlaTyrArgAlaArgA 

CTGTCCGCGACCCCCGAGGTGTGCTGGCCGAATTCGGATATACCCCCGACCCTGACGTC^ 
laValArgAspProArgGlyValLeuAlaGluPheGlyTvrThrProAspProAspValG 
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AGATCCGGATATGGGACTCGAGTGCCGAACTTCGCTACTG^ 

lul leArgl leTrpAspSerSerAlaGluLeuArgTyrTrpValLeuProGlnArgProA 
CCGGCACCGAGAACTTCACCGAAGAACAACTCGCCGACC^ 

laGIyThrGluAsnPheThrGIuGluGlnLeuAlaAspLeuValThrArgAspSerLeuI 

ISIO 1S20 1S30 1S40 1550 1560 

TCGGCCTATCCGTCCCCACCACACCCAGCAAGGCCTGACATGCCCCGACTCAACGAACAA 
leGlyValSerValProThrThrProSerLysAla 

CCCCACCCGGGTCTCGAAGCCAACCTCGCCGACCTGCT^ 

CGAATCCCCCGCCCCTCCGGCGAGGTCGCCTTCGATCAG^ 

AGCATTGCCACCGCATTGCATGGCCAGGGCCGATTCGA^ 



Claims 

1- A DNA*"^ fragment encoding a polypeptide having nitrile hydratase activity, said polypeptide comprising 
the a^"*-subunit as defined in the Sequence Listing by SEQ ID: No. 1 and the )3^^^-subunit as defined in 
the Sequence Listing by SEQ ID: No. 2. 

2. A DNA**"^ fragment encoding a polypeptide having nitrile hydratase activity, said polypeptide comprising 
the a<^*-subunit as defined in the Sequence Listing by SEQ ID: No. 3 and the iS^'-Lsubunit as defined in 
the Sequence Listing by SEQ ID: No. 4. 

3. The DNA^"' fragment of claim 1 which contains the nucleotide sequences of the cr*"*-subunit as defined 
in the Sequence Listing by SEQ ID: No. 5 and the ^^"^-subunit as defined in the Sequence Listing by 
SEQ ID: No. 6. 

4. The DNA^^ fragment of claim 2 which contains the nucleotide sequences of the a^'-^-subunit as defined 
in the Sequence Listing by SEQ ID: No. 7 and the /3^^^-subunit as defined in the Sequence Listing by 
SEQ ID: No, 8. 

5. A recombinant DNA comprising a DNA^"^ or DNA^* of any one of claims 1-4 in a vector. 

6. A transformant transformed with the recombinant DNA of claim 5. 

7. A method of producing nitrile hydratase which comprises culturing the transformant as claimed in claim 
6 and recovering nitrile hydratase from the culture. 

8. A method of producing amides which comprises hydrating nitriles using nitrile hydratase obtained from 
the culture of the transformant of claim 6. 

9. A method of producing amides which comprises culturing the transformant as claimed in claim 6, and 
hydrating nitrifes to amides using the resultant culture, Isolated bacterial ceils, treated matter thereof, or 
a fixed material thereof. 
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